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~~r~~ix~ ria~i

Carpiter codes for calculating realistic detonation properties are

important for predicting the performance of high explosives and for as-

sessing the usefuThess of new explosive formulations. Furthermore,

trenerxlous cost and manpower savings can be realized by the judicious use

of ca~piter codes ai~p1oying an equation of state that realistically pre-

dicta detonation properties . By properly ea~ploying the ccinp.iter model,

the chønist can eliminate or reduce research areas showing little prcinise

(this saving synthesis and property evaluation costs) and concentrate on

research areas offering the greatest chance of success .

The most widely used equation of state for predicting the detonation

properties of ca~1ensed explosives is the sani~ pirical Becker-Kistiakowsky-

Wilson (B~~) ~~~ation of state. This equation of state has been incor-

porated in therITo-hydro codes such as Fortran-B~~~, gJBY2, and TIGER3

The original equation, based on a Kistiakowsky and Wilson4 modification

of an equation developed by ~~~~~~ 6, 7, has undergone many adaptions8’9’10,

before cbtaining its current , widely used formli .

(1)

where x = c E njkj/[VCItfO) a)
i

In equation (1) P is the pressure of the systan , V is the volume, T is
• the absolute tatçerature, and R is the ideal gas constant. The parameters

u, B , K , and 0 are e~çirical in nature while k is the covolume factor

1 ~~~ri~~~~~~~~~ ! !  
~~~~~~~I.?

~I ~~I ~v ._ ___
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of ~~ ~th detonation product species and n~ is the nurber of moles of

the ith detonation product species

This equation was initially fit to ‘experimental detonation data by

Cc~~n and Fickett11 in 1956. Later Mader12 re-parameterized BKW to give

the set of parameters (ci, B, K , 0 , 
~~ 

‘s) presently used in the Fortran-

B1~ code. These are s1K.*~n in ‘Iäbles I and I I .  Slightly different

parameters are incorporated in the ~ JBY and TIG~~ codes .

To determine the best B1a~J parameters, one adjusts a, B, K and 8 and

the cov’olume factors , of the awropriate detonation product species

to fit the best explosive performance data available. An estisate of

the covohme factor of each species is obtainable through the hard sçMre
*repulsion potential , r , for that species. The cov’olume factor and hard

repulsion potential are g~~netrica 11y related. In the early 1960s ,

~~~~~l2 adjusted the BKW parameters to fit five experimental n~~surenents

involving t~ explosives , trinitrotoluene (Wi’) and cyclotrimethylene

trinitramine (~ )X) , and experimental }bgoniot data for the detonation

species 1120, N2, and CO2. Using this limited data set , Mader fau~~ that

b~ sets of parameters (a, B, K , 0) ware required . (See Thble I .) One

set of parameters was needed for high density explosives whose detonation

products contain a large amount of solid carbon (Wr-type) . A second

set of parameters was required for explosives whose detonation products

contain a relatively mall amint of solid carbon (1~)X-type) . Using

these ~~~ par ~ ter sets, the predictions of relAtiVe explosive perform-

ance for C, H ,N,O explosives have been fairly reliable. Furthermore,

absolute detonation pressures and velocities are calculated reasonably

2
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wall as long as the explosive is a C, H,N,O-type, is ideal, is near or

sli9htly lower than CX) balance and is at a high percentage of the

theoretical maximun density. Hc~ever, on an absolute scale the B1~
predictions have not generally been accurate. Furthermore, where

extrenes in explosive caiçositions are investigated, predictions of the

relative bthavior are also in error. This error in relative behavior

is also found when B1~ predictions are made for nOn-C,H,N,O exploéives.

The greatest defici~~ y of the B1G~l Ek~uation of State is that it con-

tains no attraction potential. For this reason it can be calibrated

to a single point in PVT-’space (as a CJ point) ; however, it then fits

badly at all other points . Furthermore, the farther the calculated point

is fran the point of calibration, the ~~rse the fit will be. Thus it is

iii~ossible to predict isentrope shapes with the B1~ E)juation of State.

t
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,1

Thble I . Fortran—3’JK Parametors for ~~~~~~~~~~

BIGJ Parameter Wi’-type Valuea 
~~~~~~

I ci 0.50 0.50

B 0.0958 5 0.16

K 12.685 10.91

0 400. 400.

aReference 12.

I
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~~b1e II. Fortran-3’IK Covolumes for Camon Detonation Product Spec iesa

Detonation
Product Covo].une

• Species (k
~

)

2 250

CO2 600

0) 390

N2 380

386

H2 180

02 350

• 528

a 12.

_ :  

- 
- -

~~~

‘

~

‘ 
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A second equation of state for predicting detonation propertie s is

the Jaco bs-Cowperth waite-Zwisler (JCZ) equation of state. The equation

of state, developed fran first principles by Dr. Sigmund Jacobs 13, has

recent ly been incorporated into the TIGER cat~*iter code by Cowperthwaite

and Zwisler ’4’15 It is anticipated that the JCZ equation of sta te , when

prooerly parameteriz~d. will offer vast iinprovenents over the sani-enpiri-

ca l B1~~ equation of state in the calculation of rot only the pressure

and veicrity of detonation , 1~it also the detonation t~ nperature, product

canpositior i and isentropic expansion fran the detonation state. Unlike

the BKW ~ ijia tion of state, the JCZ equation of state incorporates both a

tønperature-independent pres sure term and a pressure term resulting fran

ther mel notion . The generalized JCZ equation of state can be represented

as

P = P (V ,n.~ •~~~~) + G(T ,V,n, ””n )NRT/V (2)

where P is the total pressure of the systen, P0 is the te~~erath re-

independent pressure term, V is the volume, fli
e s are the roles of the

individua l product species , G is the Gr iineisen parameter, R is the idea l

gas constant , N is the total roles of product spec ies, and T is the

absolute tenperature of the systen. Furthermore , the Gr iineisen parameter

G is canposed of several terms - one of which is a potential function.

The J CZ2 equation of state incorporates the MIE potential function while

the J CZ3 equation of state , the subject of this report, ~ rç1oys an

expo-p,m potential func tion . In the expo-p,m potential function

~~ ft~(’— ~ ) ]  — ( r*) rn1 (3)

6



or 

~~
=
~~r~~~~a • 

(4)

~ is the total potential for the pair of molecules, is the repulsion

term , 
~~~ ~a is the attraction term. In equation (3) c is the absolute

value of the potential at its mirthnum, r is the molecular separation at
*the specified potential , r is the molecular separation at the potential

rninirrnjin, p is the repul sion parameter , and m is the attraction parameter .

In parameterizing the JCZ3 equation of state, one must find a best

attraction parameter Cm) and a best rep ulsion parameter (p) for the equa-
*tion as a whole as well as a set of potentials (c , r ) for each product

species encountered in the calculation . In theory it should be possible

to determine these parameters f ran experimental Hugoniot data .

7
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DIS~~JSSI~~

Because of the limited anount of data used , t.~der ’ s parazneterization~
2

of BJ~~ was severely restr icted . With an expanded data base a more severe

test of the parameterization will result . Since Mader’ s parazneterization

of BI~ in 1963 , n*xth useful detonation data has appeared in literature .

Not only do detonation pressure and detonation velocity data for a large

ruth er of explosives abaind in the literature16’17’ 23, bit in recent years

severa l detonation pr oduct ccxnposition studi es18’19’20’21 have also

appeared . The appr oach used was to select several explosives displaying

a wide variety of elanenta l canpositions on which experimental detonation

pressure as a funct ion of loading density, detonation velocity as a

function of loading density, and detonation product canpositior i data was

available. The explosives selected caiprised both C, H ,N,0 and non-

C,H ,N,0 explosives. In Table III are listed the explosives used in this

study along with their elønental canpositions and experimental data avail-

able in the litera ture . This set of explosives should canprise a very

severe test for any set of BI~ parameters ~nployed.

When the experimental detonation product canposition and the B~~
calcu lated thapnan-Jaiget (CJ) isentropes are canpared for both H~”DC and

‘iwr, an interesting observation arises . ornenas18 has noted that the

detonation products resulting fran heavily confined charges of H~V and

~~r attain equilibrium under nonideal gas conditions’ between approxi-

metely 1500°X and 1800°K. The 1~JBY code was used to calculate the Cl

isentropes at these two teaperatures for I~V~ and ~~r. The experimental

product ccmposition should then fall within the range of values for the

8
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1500°K and 1800°K calculated isentropes since in this range the product

species canposition is “frozen” . £L~~~ carparison can be seen in Table lv

for H~’V~ and LWP. In both cases it is im~~diate1y obvious that the calcu-
• lated quantity of CO is n~~h ~~~ller than the observ ed quantity while the

calculat ed amount of CO2 is nuch larger than the observed amount of this

product species. Furth ermore, the observed amount of C falls very

near the lower end of the calculat ed range for this product species.

The relative quantities of these three carbon-containing species are

governed by equilibrium

O (g)• _(X)2 (g) + C (5) (5)

Mader assumed forn ~ tion of carbon in the standard state (i.e., ~Hf = 0);

however , it nay be noted that the above equilibrium can be shifted to the

left by increasing the heat of formeticri of C (5) - which is input into the

carputer . The BKW calculated isentropes wild then contain more CO and

less CO2 and C
~~~

. This is in the correct direction to satisfy the

• deficiencies discussed above. It was thus decided to add an additional
• parameter - the heat of fornation of C (5) - in the reçarameterizaticxi of

the Bi~ equation of state. Mded inpeths to this decision was the obser-

vation that the carbon produced was not gra~ iite but an ançzhorais form.

Mditionally, several other researchers (particularly scientists at

Lawrence Livermore Laboratory and in the Soviet Union) were using positive

heats of fornation for carbon in their caip.iter codes.

There are very f~~ meaaurønents of detonation t~iperatures at the

Cl state and these have relatively large uncertainties’2’22 . Nevertheless,

it was intuitively felt that the calculated detonation taiperatures should

• 11
I

~~~~~



be higher. For a fixed set of the other B~~ parameters, (a , 8, K ,

the larger the value of the parameter 0, the higher the calculated

detonation tarperature.

The apprcach taken, therefore, in reparaneterizing the HKW equation

of state was the systaratic variatIon of the five arpirical parameters

(a , 8, K , 0 and AI1~) while providing for the dependence of detonation

taiperature o n O  and the dependence of equation (5) on the heat of ~forma -

tion of C (3).. Mditionally , each product species has a characteristic

covolume, k . .  These product species ’ covolumes were also treated as

eapirical parameters; however , they were constrained with in certain,

reasonable limits and not allowed to carpletely vary. In the IBranleteri-

zation, not only were detonation pressures and velocities used in the

fit, but also product canposition . Furthermore , the fit was extended to

include the non-C H,N,O explosives B’!?, RX- 23AA, RX-23AB and RX-231~C as

well as the C,}I,N,O explosives I~~C, ‘lWr and B’IN~7~. These extensions
• s1~~ild give a very severe test of the 3KW equation of state both fran

• the standpoint of the wide ran ge of explosive properties used in the

perameterization as well as the types of explosives erp].oyed in the fit

att erpt.

• 0 The results of this “brute force” paraiieterization attaupt are given

• in Tables V and VI. 1~~ “best” fit set of parameters and product specie

colvoli.ines are displayed in Thble VII. The results s~~~n in Tables V and

VI are e,a~eptionally good considering the wide ra nge of detonation proper-

ties fit and the various types of explosives used. Ozmparison of calcu-

lated results with açermn~~thl data dercnetrates thet the differences be-

0 
• tween the b~ are usially within the kzx*’~n e~q erimental error which is

120~
u 

~~~~~ ~~~~~~ -~~ -~ 
— — 

~~~~~~~~~~~



~1

— 0~ - - — •~• —-— — — •.~~ -- 00 ~

1

“4 ~~~~~~~~

g~ 
~~~~ 

~
0 U) N C~i ~~~‘ ‘.0 0 0 ~N

~~~~~U) N u 4 d

I J4

ti U) O N  0 0  0

m o ~~~~~~~~~~~~~~~ r n o o~~~~~~ 
.~

m m ’ . o o~~~~~ r4 r4 d

1-4 1-I

• ~M
-i

• 
~i •~ ,•.~~ 0 0 ~~~~~. r  ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ •

~~~~~ O 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

i~ ~~~~~ • • •~~



(‘) ~~ 0 ~‘) ~~ ‘.0 ‘.0 r-4
~~ 14 0 0) ‘.0 N N ‘.0 N
o •i.J . . . . . .
It) ~~ ‘.0 It) ~~ ‘.0 ‘-4 0 0

1-4

‘-4 U ) N  m m ~~ It) 0)£~~~~~j ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
‘.0 U) U) ‘.0 i—I 0 r.4

N N 0 ~~ ‘ ~ 4 r) ,-4 ~~~‘

H

d ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ N W  ‘-I 0 09

•1 
~ ~~~ ~i ~

~~

0 
~~~~~~~~~~~~~~~~~~~~ : :- •;

~~~

- - --  ~ 
•
~ ~ -



- -~~~~~~~~~— --- .— •-— —- —• _~~~~~~ _ r~~~~~~~~~_ __  — -- - — -

L

~ ~. ~.

1!
m N 0 ,-4
N ~~~‘ t~4 C’.

d
• U) N ~~ ‘.0 r-4 0 0

‘.0 r-4 0 0

I L

I I
I 

__________________ _________ _ _ _ _ _ _ _ _ _ _ _ _

- ~~- —----



0 ‘0 CO CO • It) 0) ‘0 0
,-I .4.) U) 0 0) N 4.’ ‘.0 ~~~‘ ‘.0 0)

O~~~~~~~~~~~~~~~~ U~~~~~~~~~~ U)~~~~~ ‘.0 O ’.0~~~~~~~~~r4~~~ ~ 4 ~ I N r-4 p.4
H H

I~ ~ 4 ~~~~~

~ 8 ~~ 

‘

~~ C4 ~‘)

~4j ~j~1

d

0

~~~~ 
• c~d ~~~~

~~ H - H

~4 0 CO N ‘g m CO 0) N
U) N 0 N ~) ‘.0

II II ~~~~~~~~~~~~~~~~~~~~~~ 
I~~~~I~~~~~

J

-‘ — —• --——:.•.. 
‘••- — —

...-— 

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ —I- -~~



8 8
• —I U~ O~~~ ~ 0) 0 .-4

~~~ •~j .i.1 r~1 I I I N ~~~‘ N I.ti a~ ~ ~.i’~
• 

8
h .[~f l
‘~.Z’ ~~~~ ~ 

‘-I

Q •p4 ~~ ~~ I (~ ~~ p.4 U) U) U)
Q 0’. N N N N

8 W~~~~~~~ ‘-‘ I

ft .

I

.1~

I • 
_ _  

H
-



• ~-- • • • • •-• - -  _ .___

T&1e VII. “Best” Fit 1~paraneterized BKW Par~reters and CX voltr~s

Parw~ter Bepara~tneterized
B}~ Va.Lue

it
a 0.50

8 0.176

K - 11.80

0 1850

12.0

Q.,volunes

440

~~2 610

H20 270

P12 404

H2 98

P113 - 
384

014 
• 550

386

02 
. 

325

• 
18
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- f
generally no better than 5%. again in accorda nce with Ornellas ’ find-

ings (18), a “freeze—ait ” tauperature range of 1500°K—l800°K has been

anployed for calculated detonation product canposition data .

Because the J CZ3 equation is developed fran first principles and ,

therefore, the parameters do have physical significa nce, it was felt that

a purely “brute force ” type of fit ~ xzld be unsatisfactory. The values

assigned to the parameters should be determined fra n experimental data

and , therefore, should be physically meaningful . Fortunately, for nany

of the detonation product species, experimental H~igoniot data does exist .

For each of these product species then, the pair potential parameters

( c/k , r*) can be determined . First, however, the attraction and repul-

sion parameters (m,p) of the JCZ equation of state must be set . Because

this equation of state was ideally written for spherical molecules in a

face-cent ered cubic (fcc ) lattice structure , it is necessary to find

experimental Hugoniot data for a spherical molecule with a face-centered

cubic lattice str ucture that can be used to~ set the value of the attrac-

tion and repulsion parameters as well as its own pair potential parameters. 
•
~ -

A molecule for which nuch experimental data is avail able and which sat- 
•

• isfies the above requiranents is argon (24—28) . Once the attraction and

repulsion parameters are determined fran argon Hugoniot data , they are

used unchanged in the determi nation of the pair potential parameters for

each of the detonation product species. Because the product species are

not generally of a spherical shape and often do not pack in a face-centered

cubic lattice structure, aiall deviations fran the “true” pair potential

values are expected. The detonation product species for which experimental
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Hugoniot data are available are water (P120) (29) , nitrogen (N2) (30 , 31) ,

carbon dioxide 
~~~ 

(30) , oxygen (02) (32) , and hydrogen (H2) (28, 33—35).

The procedure used in establishing the values of the attraction and

repulsion parameters and the pair potentia l parameters was to use the

TIGER ca~piter code to calculate a Rugoniot curve for the species of

interest. This curve was canpared with the experimental Hugoniot curve.

Mjustments were nnde to the parameters until the fit was with in experi-

mental error . By working with Hugcmiot data in setting the parameter

values as opposed to actual detonation property data of explosives , one

restricts the ntnther of variables that must be simultaneously adjusted to

cbtain a reasonable fit. With the exception of argon , only two variables

must be adjusted to thtain the pair potential parameters for any one species.

If detonation property data were a~~loyed, one ~~ ild be required to simul-

taneously adjust all of the pair potential parameters of the product

species as well as the attraction and repulsion parameters. This would be

a very laborious task. ~~rthermore, it is very likely that the “best” fit

pair potential parameters could no Longer be related to physical properties

of the syaten since there would be a tende~ y to spread deviations over all

parameters. it is essential, therefore, that care be taken to insure

realistic values for the pair potential parameters. Estimetes of these

parameters, based on physical measurenents, can be thtained fran several

sources (13,36,37) . It sPøild be renerbered that the calculated parameters

will very slightly fran the measured values because of the restrictions

of the JCZ3 equation of state. C~~e tha pair potentia l parameters of

• species far which ecperii~~ tal ikigoniot data exist have been determined,
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then these parameters for the other product sp~~ies (CH4, NH3, NO, CD) must

be evaluated. This can be accaT~ lished by obtaining initial estimates

(13 , 36 , 37) of the parameters and then using detonation product data f ran

several explosives. As new product species are added to the TIGER library,

it will be necessary to determine the pair potential parameters.

In order to facilitate the parameterization of the JCZ3 equation of

state, a subroutine was incorporated into the TIGER ccvpiter program .

This subroutine, based on the method of Bevington (38 ) ,  simultane ously

varies either two ( c/k , r*, p), three ( c/k , r*, p), or four parameters

(c/k , r*, p, in) until a “best” fit set of parameters are obtained. The

“best” fit parameters are ascertained by a ca~~arison of the experimental

Hugoniot data , which is input, and the calculat ed Hugoniot data . A

“quality of fit” parameter was used to determine when a
• satisfactory fit of

the Hugoniot data is obtained . For all species e~~ept argon only the two-

parame ter option was enployed. With argon, both the three- and the four-

parameter options were used in an attanpt to obtain a satisfactory fit.

When the three-parameter option was erployed, the value of the attraction

parameter was set equal to 6.0 for which there appears to be sara theoreti-

cal justification (36) .

This att enpt to parameterize the JCZ3 equation of state has deton-

strated two najor problen areas. In the analysis of argon att eipts to

vary all four parameters ( c/k , r*, p, m) met with no success - pri narily

because the tanperathre of the systan reached extrenely high values during

the calculations causing the program to terminate with an error This is

strictly a software problen - not a theoretical one. When the attraction
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parameter was set at 6.0 and the other three parameters for argon were

varied, a mininun chi square value was obtained . At this mini3run the

repulsion parameter was 14.330, c/k was 48.98 and r* was 3.93. HcMever,

when the attraction parameter was set at 6.0, the value of the repulsion

parameter was readjusted for each run and only two parameters were siaul-

taneously varied, no overall minirtun could be located . These results are

sI~~ n in 1Thble VIII. The value of the chi square appears to vary inversely

with the value of the repulsion parameter. At values of the repulsion

parameter above 14.5, the calculated tet~ exathres becane extrenly high

and the program terminates by error . Furthermore, the values of the pair

potential parameters becane very unrealist ic for high values of “p” . No

explanation is fortboaning about why the two points at “p” equal to 14.33

are not equivalent. It is most certainly due to a peculiarity in the

fitting subroutine . The second problen ar ea concerns the fit of the cal-

culated }bgoniot curve to the experimental Hugoniot curve . The data shown

in Thble IX is typical of that obtained on all fit att enpts. The calcu-

lated and experimental Hugoniot curves typically fit very well at the high

pressure segment of the curve ; howev-er,at the lc~ er pressures (belcM 30

kiloatmospheres) the fit becanes increasingly unsatisfactory . This result

daionstrates the need to reexamine the JCZ3 equation of state particularly

at the 1CM pressure end where most of the detonation products are in the

gas phase or between the gas and nornal liquid state. Because no values

of the attraction and repulsion parameters could be obtained, the parame-

terization attenpt is suspended until the reevaluation of the JCZ3

equation of state is acca~plished.
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• Thble VIII. Attwçtsd Fit f~~ ~~~~~~ ~~~~~ ~~~~~~~ Us~~~ ~~~~~~~~~~~Variation of c/k and r* With m = 6.0 and Various Input Values
of p.

p c/k r* Chi Square

12.0 450.0 3.34 26 .51

12.50 315.1 - 3.43 21.28

13.00 210.3 3.53 17.91

13.50 136.5 3.65 15.73

13 .60 125.0 3.67 - 15.41

13.70 114.1 3.70 15.10
I - 

13.90 94.2 3.75 14.57

14 .00 
• 86.4 3.77 14.33

14.33 63.2 3.87 13.70

14.50 53.5 3.91 13.43

apeference 26.
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I

- , - Tthl e IX. ‘I~rpical Fit Atteapt of ~a1cu1atad and Exper imental Hugoniot
Curves for Liquid argon (c/k — 48.98, r* 3.93 , p = 14.33,
m=6.00)

Input Vol~zne Exp. Pressure Caic. Pressue % Error
— 

(cc/gm) (almts.) (athos)

0.5585 6713, 12253. 45.2
0. 5259 11727. 16535. 29.1
0.5026~ 17965. 21141. 15.0

0.4851 25426. 25955. 2.0

• 0.4780 30000. 28385. —5.7

-0.4600 40000. 36189 . —10.5
0.4460 50000. 44545. —12.2

0.4316 59421. 56210. —5.7

0.4184 74064. 71090. —4.2
• 0.4071 90248. 88163. —2.4

0.3975 107973. 107400. - 
-

- 
— 0.5

0.3892 127237. 128681. 1.1

0.3819 148042. 151793. 2.5

0.3754 170386. 176426. 3.4

0.3697 194272. 202156. 3.9

- 
- 0.3646 219697. 228480. 3.8

- 0.3600 246663. 254819. - 3.2

0.3558 275169. 280618. 1.9

0.3520 305215. 305429. 0.0

• 0.3486 336801. 328938. —2.4
• 0.3454 369928. 351005. —5.4

5Pe~~reice 26. 
• 

-
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The BIG~J equation of state has been successfully reparameterized. The

reparameterized version of this equation of state is far superior to any

previous versions in that it not only satisfactorily predicts detonation

pressures and detonation velocities for ideal (C, H, N, 0) explosives , but

also predicts these prcçerties as well as detonation product ccrçositions

for both ideal and non-idea l explosives . ‘11w two mejor changes in the

reperameterization were a significant increase in the value of the

parameter 0 and the addition of a fifth param eter - the heat of formation

of amorphous carbon . In considering the data in able V, one notes that

BIT is the only explosive where significant deviations fran the experimental

da ta are calculated. It is believed that for ET? the “freeze alt” te2pera-

ture range mey be significantly higher than the l500°-1800°K range e~ployeI.

BTF appears to be a nuch hotter-burning explosive than any of the other

explosives used. As sham in able V when a 2150°-2550°K “freeze- ait”

range is used , the fit is very good. Another point should be noted regard-

ing this reparameterized B}~ equation of state . After the reparame teri-

zaticn was canpieted, an error in one of the methane thermodynanth~
constants (15) was discovered . The thermodynamic constants for all

product species are given in Appendix A. As long as the reparaJneterized

B~~ equation of state is used with this incorrect value, the results

should be aatisfsctory. The n~~ parameters ccm~ ensate for the error in

the incorrect methane thermodynamic constant. If this error is corrected,

a naq parameterization nust be accaiplished.
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AttaTpts to parameterize the JCZ3 equation of state were unsuccessful.

It is felt that the prime ry reason for this is that the equation itself

I needs to be revised in order to better calculate detonation properties at

laier pressures. Once the equation has been revised , attenpts at parame-

terization of the equation can continue. Once satisfactorily parameterized,

the JCZ3 equation of state should be far superior to any other equation

of state currently being used.
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